NFAT and Osterix cooperatively regulate bone formation.
Immunosuppressants are crucial in the prevention of detrimental immune reactions associated with allogenic organ transplantation, but they often cause adverse effects in a number of biological systems, including the skeletal system. Calcineurin inhibitors FK506 and cyclosporin A inhibit nuclear factor of activated T cells (NFAT) activity and induce strong immunosuppression. Among NFAT proteins, NFATc1 is crucial for the differentiation of bone-resorbing osteoclasts. Here we show FK506 administration induces the reduction of bone mass despite a blockade of osteoclast differentiation. This reduction is caused by severe impairment of bone formation, suggesting that NFAT transcription factors also have an important role in the transcriptional program of osteoblasts. In fact, bone formation is inhibited in Nfatc1- and Nfatc2-deficient cells as well as in FK506-treated osteoblasts. Overexpression of NFATc1 stimulates Osterix-dependent activation of the Col1a1 (encoding type I collagen) promoter, but not Runx2-dependent activation of the Bglap1 (encoding osteocalcin) promoter. NFAT and Osterix form a complex that binds to DNA, and this interaction is important for the transcriptional activity of Osterix. Thus, NFAT and Osterix cooperatively control osteoblastic bone formation. These results may provide important insight into the management of post-transplantation osteoporosis as well as a new strategy for promoting bone regeneration in osteopenic disease.